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MODEM CHANNEL SHARING BASED ON
FREQUENCY DIVISION

FIELD OF THE INVENTION

The present invention relates generally to modems, and
specifically to high data-rate modems for use over broad-
band channels.

BACKGROUND OF THE INVENTION

Modems are used for transferring information on com-
munication lines or other communication media between
two parties. The modem converts information from electri-
cal signals on the communication line to data bits, and vice
versa. In the past, nearly all modems used in homes and
small oflices operated by dial-up over telephone lines and
were limited to low data rates, typically no more than 56
kbps. Recently, however, broadband modem technologies
have been developed, such as Digital Subscriber Line (DSL)
systems, cable modems and fixed wireless data links.

Asymmetric DSL (ADSL) service, for example, offers
downstream service at rates up to 8 Mbps. ADSL 1s based on
a discrete multi-tone (DMT) transmission system, in which
data are encoded using 256 different “tones,” or “bins,” each
corresponding to a frequency band 4.3125 kHz wide. The
lower bins (typically bins 6-31) are assigned to upstream
service, from customer premises to a central oflice, while the
upper bins are used for the downstream. Each DMT symbol
1s a mapping ol a fixed number of bits to sine waves of
multiple frequencies. Further aspects of ADSL are defined in
Recommendation G.992.1 of the International Telecommu-
nication Union (ITU), which 1s incorporated herein by
reference. A similar DSL system, likewise based on DMT, 1s
described 1n ITU Recommendation (5.992.2 (also known as
G.lite). DMT transmission 1s also used in other broadband
communication standards.

In many homes and oflices, a broadband data channel 1s
shared among multiple clients, typically personal computers
(PCs). This purpose 1s commonly achieved by connecting
the clients to the broadband modem over a local area
network (LAN), such as an FEthernet LAN. The modem umnit
1s supplied with an Ethernet output. A router 1s attached to
the Ethernet output of the modem (either as a standalone unit
or integrated into the modem box), and controls communi-
cations between the modem and the different clients. A
typical router of this sort has several Ethernet ports, each
connecting to a diferent client, along with suitable switch-
ing logic for arbitrating among the clients. Alternatively, a
wireless LAN may be used, with a wireless “access point™
taking the place of the router.

There are several problems with using a LAN to share a
broadband channel and modem resources among clients.
The router or access point that must be used adds to the cost
of the system. When the customer premises do not have a
L AN already i place, 1t 1s also necessary to add wiring,
L AN adapters and software on all the client computers that
are to use the broadband channel. In addition, conventional
[LLAN-based solutions cannot readily accommodate soft
modems running on the clients, since soft modems require
an uninterrupted flow of samples and significant guaranteed

bandwidth.

SUMMARY OF THE INVENTION

It 1s an object of some aspects of the present invention to
provide improved methods and systems for sharing a data
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2

communication channel among multiple clients, and par-
ticularly to enable multiple clients to share a common
broadband channel without an mtervening router.

In preferred embodiments of the present invention, mul-
tiple clients, typically personal computers, each with 1ts own
modem (hardware or soft modem) are connected in parallel
to a common communication medium. Communications
over the medium typically use a multicarrier modulation
scheme, such as the discrete multi-tone (DMT) scheme used
on ADSL channels, or orthogonal frequency-domain multi-
plexing (OFDM). Downstream communications from the
central oflice to any given one of the clients are received by
all the clients. Each client decodes the communications and
determines whether the downstream data are for 1ts own use
or for a different one of the clients. In the latter case, the
client simply discards the data. For upstream transmission,
an arbitration mechanism 1s provided, using certain fre-
quency bins as dedicated control channels, to determine
which of the clients may transmit at any given time, and
using which bins in the upstream range.

Although the preferred embodiments described herein are
directed to data communications over particular types of
broadband channels, aspects of the present mvention may
also be applied 1n narrowband systems 1n which multiple
clients share a common communication line.

There 1s therefore provided, 1n accordance with a pre-
ferred embodiment of the present invention, 1n a data
communication system in which a head-end modem trans-
mits downstream data signals over a communication
medium 1n a first frequency band and receives upstream data
signals over the communication medium 1n a second fre-
quency band, each of the first and second frequency bands
including multiple frequency bins, communication appara-
tus including;

a first customer-premises modem, adapted to be coupled
to the communication medium 1n parallel with at least a
second customer-premises modem, so as to receive the
downstream data signals transmitted by the head-end
modem in the first frequency band, and to transmit the
upstream data signals in the second frequency band subject
to multiplexing at least a part of the second frequency band
among the first and at least the second customer-premises
modems.

Preferably, the first customer-premises modem 1s further
adapted to send and receive control information signals over
the communication medium 1n respective one or more of the
frequency bins to and from at least one other one of the
modems so as to control the multiplexing. Most preferably,
the one or more of the frequency bins include at least a first
frequency bin used to send the control information signals
from the first customer-premises modem to the other one of
the modems, and at least one second frequency bin used by
the first customer-premises modem to receirve the control
information signals from the at least one other one of the
modems.

In a preferred embodiment, the first customer-premises
modem 1s adapted to send and receive the control informa-
tion signals to and from the second customer-premises
modem, wherein the first and at least the second customer-
premises modems are adapted to send and receive at least a
portion of the control information signals over a single one
of the frequency bins by time-domain multiplexing.

In another preferred embodiment, the first customer-
premises modem 1s adapted to send and receive the control
information signals to and from the head-end modem.

Typically, the downstream and upstream data signals
include discrete multi-tone (DMT) signals, and the fre-
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quency bins correspond to respective tones 1n the first and
second Irequency bands, wherein the communication
medium includes a telephone subscriber line, and the com-
munication system includes an Asymmetric Digital Sub-
scriber Line (ADSL) system.

Preferably, the first customer-premises modem 1s adapted
to receive the downstream data signals 1n the first frequency
band substantially simultaneously with at least the second
customer-premises modem.

In a preferred embodiment, the first customer-premises
modem 1s adapted to transmit the upstream data signals
using a first group of the frequency bins in the second
frequency band during a first set of time intervals, and to
suspend transmission of the upstream data signals using the
first group of the frequency bins during a second set of time
intervals, during which the second customer-premises
modem may transmit the upstream data signals using the
first group of the frequency bins. Preferably, the first group
of the frequency bins includes all the frequency bins 1n the
second frequency band that are available for transmitting the
upstream data signals. Alternatively, the first customer-
premises modem 1s adapted, while the transmission of the
upstream data signals by the first customer-premises modem
using the first group of the frequency bins 1s suspended, to
transmit the upstream data signals using a second group of
the frequency bins 1n the second frequency band.

Alternatively or additionally, the first customer-premises
modem 1s adapted to transmit the upstream data signals
using a first group of the frequency bins in the second
frequency band, while a second group of the frequency bins
in the second frequency band is reserved for use by the
second customer-premises modem. In a preferred embodi-
ment, the first customer-premises modem 1s adapted to
receive upstream data sent by the second customer-premises
modem to the first customer-premises modem using the
second group of the frequency bins, and to relay the
upstream data to the head-end modem 1n the upstream data
signals that the first customer-premises modem transmits
using the first group of the frequency bins.

Preferably, the first customer-premises modem 1s adapted
to mvoke a retramming procedure on the communication
medium upon 1nitiation of operation of at least the second
customer-premises modem. Most preferably, the first cus-
tomer-premises modem 1s adapted to convey operational
parameters determined in the retraining procedure to at least
the second customer-premises modem via the communica-
tion medium. Additionally or alternatively, the first cus-
tomer-premises modem 1s adapted, using the retraiming
procedure, to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins 1n the second
frequency band between at least the second customer-pre-
mises modem and the head-end modem.

In a preferred embodiment, the first customer-premises
modem 1s adapted, during the retraining procedure, to deter-
mine an optimal rate for the transmission of the downstream
data signals by the head-end modem, and to instruct the
head-end modem to transmit the downstream data signals at
a sub-optimal rate that 1s less than the optimal rate. Alter-
natively, the first customer-premises modem 1s adapted,
during the retraining procedure, to transmit a sequence of
training symbols to the head-end modem while adding a
noise signal to the training symbols, thereby causing the
head-end modem to select a sub-optimal rate for the trans-
mission of the upstream data signals by the customer-
premises modems.

There 1s also provided, in accordance with a preferred
embodiment of the present invention, 1n a data communi-
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cation system in which multiple customer-premises modems
are coupled i parallel to receive downstream data signals
over a communication medium 1n a {irst frequency band and
transmit upstream data signals over the communication
medium 1n a second frequency band, each of the first and
second frequency bands including multiple frequency bins,
communication apparatus including:

a head-end modem, adapted to be coupled to the com-
munication medium so as to transmit the downstream data
signals in the first frequency band to the multiple customer
premises modems, and to recerve the upstream data signals
in the second frequency band subject to multiplexing at least
part of the second frequency band among the customer-
premises modems,

wherein the head-end modem 1s further adapted to send
and receive control information signals over the communi-
cation medium 1n one or more of the frequency bins to and
from at least one of the customer premises modems so as to
control the multiplexing.

There 1s additionally provided, in accordance with a
preferred embodiment of the present mmvention, in a data
communication system 1n which a head-end modem trans-
mits downstream data signals over a communication
medium 1n a first frequency band and receives upstream data
signals over the communication medium 1n a second fre-
quency band, each of the first and second frequency bands
including multiple frequency bins, communication appara-
tus including:

a first customer-premises modem, adapted to be coupled
to the communication medium 1n parallel with at least a
second customer-premises modem, so as to receive the
downstream data signals transmitted by the head-end
modem 1n the first frequency band, and to transmit the
upstream data signals using a first group of the frequency
bins 1n the second frequency band during a first set of time
intervals, and to suspend transmission of the upstream data
signals using the first group of the frequency bins during a
second set of time intervals during which the second cus-
tomer-premises modem transmits the upstream data signals
using the first group of the frequency bins.

Preferably, the first customer-premises modem 1s adapted
to suspend the transmission 1n response to a control signal
indicating that the second customer-premises modem has
data to transmit using the upstream data signals.

There 1s further provided, 1n accordance with a preferred
embodiment of the present invention, a data communication
system, mncluding:

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a first
frequency band and to receive upstream data signals over the
communication medium 1n a second frequency band, each of
the first and second frequency bands including multiple
frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled in parallel to the head-end modem via
the communication medium so as to receive the downstream
data signals transmitted by the head-end modem 1n the first
frequency band, and to transmit the upstream data signals 1n
the second frequency band subject to multiplexing of the
second frequency band between the first and second cus-
tomer-premises modems.

In a preferred embodiment, at least the first customer-
premises modem and the head-end modem are adapted to
exchange control information signals with one another over
the communication medium in one or more of the frequency
bins so as to control the multiplexing. Preferably, the one or
more of the frequency bins include a first frequency bin used
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to send the control information signals from at least the first
customer-premises modem to the head-end modem, and a
second frequency bin used by the head-end modem to send
the control information signals to at least the first customer-
premises modem. Typically, the second customer-premises
modem 1s not adapted to send or receive the control nfor-
mation signals.

Preferably, at least the first customer-premises modem 1s
adapted to invoke a retraining procedure on the communi-
cation medium upon 1initiation of operation of at least the
second customer-premises modem. Most preferably, the first
customer-premises modem 1s adapted to convey operational
parameters determined in the retraining procedure to the
second customer-premises modem via the communication
medium, and the second customer-premises modem 1S
adapted to receive the operational parameters from the first
customer-premises modem and to use the recerved param-
cters 1n communicating with the head-end modem.

There 1s moreover provided, in accordance with a pre-
terred embodiment of the present mnvention, a data commu-
nication system, mcluding:

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a first
frequency band and receives upstream data signals over the
communication medium 1n a second frequency band, each of
the first and second frequency bands including multiple
frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled 1n parallel to the communication
medium so as to receive the downstream data signals
transmitted by the head-end modem 1n the first frequency
band, and to transmit the upstream data signals 1n the second
frequency band,

such that the first customer-premises modem 1s adapted to
use a first group of the frequency bins in the second
frequency band during a first set of time intervals, and to
suspend transmission of the upstream data signals using the
first group of the frequency bins during a second set of time
intervals during which at least the second customer-premises
modem transmits the upstream data signals using the first
group ol the frequency bins.

There 1s furthermore provided, in accordance with a
preferred embodiment of the present invention, a data com-
munication system, icluding:

an Asymmetric Digital Subscriber Line (ADSL) head-end
modem, which 1s adapted to transmit discrete multi-tone
(DMT) signals downstream over at least one telephone
subscriber line 1n a first frequency band and to receive DMT
signals upstream over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands including multiple frequency bins correspond-
ing to tones of the DMT signals; and

at least first and second customer-premises ADSL
modems, adapted to be coupled 1n parallel to the head-end
modem over the at least one telephone subscriber line so as
to receive the DMT signals transmitted downstream by the
head-end modem 1n the first frequency band, and to transmit
the DMT signals upstream 1n the second frequency band
subject to multiplexing of the second frequency band
between the first and second customer-premises modems.

In a preferred embodiment, at least the first and second
customer-premises modems are both adapted to send and
receive the control information signals over a single one of
the frequency bins by time-domain multiplexing, wherein
the single one of the frequency bins 1s one of ADSL tones

30 and 31.
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In a further preferred embodiment, the at least one tele-
phone line includes at least first and second telephone lines
connecting respectively to at least the first and second
customer-premises modems, all of the at least first and
second telephone lines connecting together to the head-end
modem at a central office. Preferably, the system includes a
splitter, which 1s connected to at least the first and second
telephone lines at the central oflice so as to couple at least
the first and second telephone lines together to the head-end
modem for transmitting and receiving the DMT signals,
while coupling at least the first and second telephone lines
individually to a public switched telephone network (PSTN)
for sending and receiving telephone audio signals over the
PSTN substantially independently of one another.

There 1s also provided, 1in accordance with a preferred
embodiment of the present invention, a data communication
system, mncluding:

an Asymmetric Digital Subscriber Line (ADSL) head-end
modem, which 1s adapted to transmit discrete multi-tone
(DMT) signals downstream over at least one telephone
subscriber line 1n a first frequency band and to receive DMT
signals upstream over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands including multiple frequency bins correspond-
ing to tones of the DMT signals; and

at least first and second customer-premises ADSL
modems, adapted to be coupled 1n parallel to the head-end
modem over the at least one telephone subscriber line so as
to receive the DMT signals transmitted downstream by the
head-end modem 1n the first frequency band, and to transmait
the DMT signals upstream in the second frequency band,

such that the first customer-premises modem 1s adapted to
use a first group of the frequency bins in the second
frequency band during a first set of time intervals, and to
suspend transmission of the upstream signals using the first
group ol the frequency bins during a second set of time
intervals during which at least the second customer-premises
modem transmits the upstream signals using the first group
of the frequency bins.

There 1s additionally provided, in accordance with a
preferred embodiment of the present mmvention, in a data
communication system 1n which a head-end modem trans-
mits downstream data signals over a communication
medium 1n a first frequency band and receives upstream data
signals over the communication medium 1n a second fre-
quency band, each of the first and second frequency bands
including multiple frequency bins, a method for data com-
munication, including:

coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

recerving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the at
least first and second customer-premises modems; and

transmitting the upstream data signals in the second
frequency band subject to multiplexing of at least a part of
the second frequency band among at least the first and
second customer-premises modems.

There 1s further provided, 1n accordance with a preferred
embodiment of the present invention, in a data communi-
cation system in which a head-end modem transmits down-
stream data signals over a communication medium 1n a first
frequency band and receives upstream data signals over the
communication medium 1n a second frequency band, each of
the first and second frequency bands including multiple
frequency bins, a method for data communication, includ-
Ing:



Us 7,151,794 B2

7

coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

receiving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the at
least first and second customer-premises modems;

transmitting the upstream data signals from the first
customer-premises modem to the head-end modem using a
first group of the frequency bins in the second frequency
band during a first set of time intervals; and

suspending transmission of the upstream data signals by
the first customer-premises modem using the first group of
the frequency bins during a second set of time intervals,
while transmitting the upstream data signals from at least the
second customer-premises modem to the head-end modem
using the first group of the frequency bins.

The present invention will be more fully understood from
the following detailed description of the preferred embodi-
ments thereof, taken together with the drawings 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram that schematically illustrates a
communication system in which multiple clients share a
common communication medium, in accordance with a
preferred embodiment of the present invention;

FIG. 2 1s a spectral diagram showing allocation of ire-
quency bins 1n a discrete multi-tone (DMT) communication
scheme, 1n accordance with a preferred embodiment of the
present mvention;

FIG. 3 1s a timing diagram showing communication
signals transmitted by two client modems sharing a common
communication medium, 1n accordance with a preferred
embodiment of the present invention;

FIG. 4 1s a spectral diagram showing allocation of fre-
quency bins 1n a discrete multi-tone (DMT) communication
scheme, 1n accordance with another preferred embodiment
of the present invention;

FIGS. 5A and 5B are timing diagrams showing commu-
nication signals transmitted by three or more client modems
sharing a common communication medium, in accordance
with a preferred embodiment of the present invention;

FIG. 6 1s a spectral diagram showing allocation of fre-
quency bins 1n a discrete multi-tone (DMT) communication
scheme, 1n accordance with another preferred embodiment
of the present invention;

FIG. 7 1s a block diagram that schematically illustrates a
communication system in which two clients share a common
communication medium, 1n accordance with a preferred
embodiment of the present invention;

FIG. 8 1s a spectral diagram showing allocation of 1ire-
quency bins 1n a discrete multi-tone (DMT) communication
scheme, 1n accordance with yet another preferred embodi-
ment of the present invention;

FIGS. 9 and 10 are timing diagrams showing communi-
cation signals transmitted by client modems sharing a com-
mon communication medium, in accordance with a further
preferred embodiment of the present invention; and

FIG. 11 1s a block diagram that schematically illustrates a
communication system providing voice and data service to
multiple clients, 1n accordance with a preferred embodiment
of the present invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

FIG. 1 1s a block diagram that schematically illustrates a
communication system 40, in accordance with a preferred
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8

embodiment of the present invention. In system 40, each of
clients 50 1n customer premises 48 has 1ts own modem 52,
which connects 1t directly to a communication medium 46.
Typically, medium 46 comprises a telephone line, which
links modems 52 to a head-end modem 44 1n a central office
42 or other site ol a communication service provider. Each
modem 52 1s thus connected to 1ts own extension of the same
telephone line, 1n contrast to the preceding embodiments,
which use a LAN connection between the clients and the
shared front end unit. The data pump operations of modems
52 may be performed either in hardware or in software on
the respective clients 50. Modems 52 are preferably config-
ured for broadband service, most preferably ADSL service,
with changes necessary to enable sharing of medium 46. A
number of different sharing schemes are described below:

Time-Sharing of Upstream Transmission Band
Between Multiple Client Modems Using Dedicated
Control Bins

FIG. 2 1s a spectral diagram that schematically illustrates
a spectrum 535 of frequency bins used in system 40, 1n
accordance with a preferred embodiment of the present
invention. For the sake of simplicity, this scheme (as well as
some of the other schemes described with reference to the
figures that follow) assumes that medium 46 1s shared by
only two modems, referred to as modem A and modem B.
Extension of the schemes to larger numbers of modems 1s
straightforward.

Spectrum 55 follows the ADSL standard 1n assigning bins
0-5 to voice communications, and bins 32-255 to down-
stream data communications from central oflice modem 44
to client modems 52. All the client modems receive and
decode the downstream signals transmitted over medium 46.
Each client 50 checks the data packets it receives to deter-
mine whether 1t should retain or discard them. Preferably,
the client makes this decision by checking the destination
address (typically the IP address) of the incoming data
packets against 1ts own address, and discards any packets
that are not addressed to 1tsell.

Bins 6-29 are used for upstream communications from
client modems 52 to central oflice modem 44. Access to the
upstream channel 1s time-division multiplexed among the
client modems. Bins 30 and 31 are reserved for control
communications between modems 32 over medium 46.
These communications are used to determine which of the
modems 1s allowed to use the upstream channel at any given
time. Modem A transmits signals to modem B on bin 30,
while modem B transmits signals to modem A on bin 31. The
choice of bins 30 and 31 for communication between client
modems 52 1s arbitrary. This choice 1s advantageous, how-
ever, 1n that the frequencies of these bins are passed by both
the analog transmit filter and the analog receive filter in
typical ADSL modems. If more than two client modems are
involved, additional bins may be allocated for control sig-
naling. In any case, the specific allocations of bins for
different purposes here and in the figures that follow are
shown solely for the sake of example, and other allocations
of bins or other frequency slots may be used for the same
purpose.

Normally, 1n conventional ADSL systems, bins 631 are
all available for upstream communications, but the actual
choice of bins to use 1n any given communication session 1s
determined by a training procedure conducted between the
central oflice and client premises modems at start-up of
communications. Details of the standard training procedure
are described 1n the above-mentioned I'TU Recommendation
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(.992.1. In system 40, modems 52 are accordingly config-
ured to carry out the training procedure in such a way as to
cause modem 44 subsequently to 1ignore bins 30 and 31. For
example, modems 52 may send no training signals at all to
modem 44 on bines 30 and 31. Alternatively, modems 352
may transmit noise on bins 30 and 31. Because the standard
training procedure 1s used, there 1s no need to modity legacy
central oflice modems to operate 1n system 40. There 1s not
even any reason for the central oflice modem to be aware
that i1t 1s communicating with two different customer pre-
mises modems on the same line. Alternatively, central office
modem 44 may be modified to accommodate upstream
channel sharing. In this case, modems 52 may send special
training symbols on bins 30 and 31, which are intelligible to
the modified central office modem, but not to legacy
modems.

Although FIG. 2 shows a particular division of upstream
and downstream bands 1n spectrum 355, the principles of the
present embodiment may also be implemented, mutatis
mutandis, 1n other multicarrier transmission schemes. In
particular, whereas the upstream and downstream commu-
nication bands in spectrum 55 are completely distinct,
signaling bins may be allocated and used for communication
among a group ol odems when the upstream and down-
stream bands overlap partially or even completely.

FIG. 3 1s a timing diagram that schematically illustrates
signals transmitted by modems 52 (modem A and modem
B), operating on the basis of spectrum 53, 1n accordance
with a preferred embodiment of the present invention. This
figure shows the nature of the signals transmitted 1n
upstream bins 6-29 and control bins 30 and 31, as these
signals change over time 1n response to different communi-
cation events. The contents of voice bins 0—5 and down-
stream bins 32255 are not shown, since these bins maintain
their conventional functions according to ADSL standards.
As noted above, bins 322535 carry downstream signals that
are recerved by both modem A and modem B.

It 1s assumed, without loss of generality, that modem A 1s
turned on first, and uses bins 629 to carry out its traiming
procedure with central oflice modem 44. (In other words,
whichever of modems 352 begins operating first 1s referred to
as modem A.) The training procedure provides the partici-
pating modems with information about the connection and
cnables them to set adjustable parameters (such as equal-
1zation coetlicients) so as to adapt to the actual conditions on
medium 46. Modem A meanwhile transmits a “master”
signal on 1ts control channel, bin 30, indicating to modem B
that modem A 1s currently using upstream bins 6-29. The
“master” signal, as well as other signals transmitted on bins
30 and 31, typically comprises a predetermined bit pattern,
which 1s modulated onto the carnier frequency of the bin.
Upon completion of the training sequence, modem A uses
the upstream bins to transmit data generated by 1ts client
computer S0.

When the second modem 1s turned on (assuming the role
of modem B), 1t sends a signal to modem A on 1ts control
channel, bin 31, indicating that a retraining procedure should
be invoked. Modem A responds with an acknowledgment of
the signal on bin 30. During conventional ADSL operation,
one of the parties to a connection (say the customer premises
modem) may ask the other party (the central oflice modem)
to stop data communications and repeat the training proce-
dure. This sort of retraining 1s normally invoked when there
1s a change 1n conditions on the communication channel, 1n
order to enable the modems to readjust their parameters
accordingly. In the present case, however, modem B asks
modem A to invoke the retraining procedure so that modem
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B can receive the proper training signals from central oflice
modem 44, 1n order to adjust 1ts own parameters for com-
munications that are to follow.

After acknowledging the retraining request from modem
B, modem A sends a standard retraining request signal to
central othice modem 44, and then uses bins 6-29 to send
training signals to modem 44. At the same time, modem A
passes training information to modem B using bin 30. The
training information typically includes, for example, param-
eters relating to gain scaling and bit loading (1.e., the number
of information bits per symbol) for each bin, as well as error
correction code parameters. Modem B receives the training
information, and also receives training signals sent down-
stream by modem 44 over bins 32-255. (Since the standard
ADSL training procedure by design permits only a single
customer premises modem 52 to communicate with central
oflice modem 44, only modem A actively participates in the
retraining procedure, while modem B passively “listens™ to
the training signals from modem 44.) The training informa-
tion and signals enable modem B to set itself up and adjust
its parameters prior to beginning data communications.
Until its client computer 50 actually has data to transmut,
however, modem B sends an idle signal to modem A on bin
31. When the retraining procedure 1s completed, modem A
resumes transmitting 1ts master signal on bin 30, while
transmitting upstream data on bins 6—29.

Optionally, modems 32 are programmed to carry out the
training procedure 1n such a way that the rates selected for
both upstream and downstream transmission following the
procedure are less than the maximum carrying capacity of
medium 46. The reason for backing off the transmission
rates 1s to ensure that when the other modem begins to
transmit (modem B in the present example) 1n place of the
modem that has participated 1n the tramning (modem A),
there will still be suflicient channel capacity available to
sustain the selected rates. It may occur, for example, that
modem B or the line to modem B in customer premises 48
1s noisier than modem A. In this case, 1f modem A were to
set the transmission rates to the full, optimal levels allowed
by the ADSL standard for the line conditions of modem A,
it would be diflicult or impossible for modem B to commu-
nicate with modem 44 when its turn arrives.

The standard ADSL training procedure provides that each
participating modem transmit a known sequence of training
symbols to the other. Each modem then evaluates the noise
level in the tramning symbols 1t has received in order to
determine the optimal rate at which the other modem should
transmit data over the line once the training sequence 1s
completed. In other words, customer premises modem 52
determines the rate at which central oflice modem 44 should
transmit data downstream, and signals the central oflice
modem accordingly. Thus, for the purposes of the present
invention, modem A preferably signals modem 44 to use a
downstream transmission rate that 1s less than the optimal
rate determined by the training procedure.

Similarly, central office modem 44 determines the
upstream transmission rate to be used by customer premises
modem 52. If modem 44 1s a legacy device, 1t will not have
been programmed to choose a sub-optimal rate. Therefore,
in order to cause modem 44 to back ofl the transmission rate,
modem A may, for example, add pseudo-random Gaussian
noise to the training symbols that it transmits to modem 44,
emulating the effect of actual noise on medium 46. The noise
may be added either in the time domain, typically by adding
noise bits to the DMT-modulated output of the mode, or in
the frequency domain, by adding noise bits to different
frequency bins before conversion to the time domain. In
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either case, the level of the pseudo-noise 1s chosen so as to
induce the desired rate back-ofl by modem 44. Alternatively,
modem A may transmit the training symbols to modem 44
at a reduced power level, which will likewise reduce the
signal/noise ratio detected by modem 44, so that modem 44
backs off the transmission rate.

When modem B receives data from 1ts client computer to
transmit upstream over medium 46, it signals modem A on
bin 31 1n order to request the use of bins 6-29 for 1ts own
upstream transmission. Modem A acknowledges the request,
ends 1ts current transmission (1f there 1s one 1n progress ), and
then signals to modem B that the upstream channel 1s
available. Optionally, along with the acknowledgment,
modem A may pass additional information to modem B,
such as synchronization of the time at which 1t will end
transmission and pass the upstream channel over to modem
B. Once modem A surrenders the upstream channel, modem
B sends 1ts master signal on bin 31, and begins transmitting
its own upstream data using bins 6—29. Modem B continues
transmitting 1n this manner until modem A asks to transmit
again. Time-division multiplexing of bins 6—29 continues 1n
this manner as long as both modems A and B have data to
transmit. As noted above, more than two modems may
participate 1n this scheme by addition of a control bin for
each.

Time-Sharing Among Multiple Client Modems
Using Time-Shared Control Bins

FIG. 4 1s a spectral diagram that schematically illustrates
a spectrum 58 of frequency bins used in system 40, 1n
accordance with another embodiment of the present inven-
tion, which allows two or more clients to share medium 46.
As 1n the preceding embodiment, spectrum 58 follows the
ADSL standard in assigning bins 0—3 to voice communica-
tions, and bins 32255 to downstream data communications
from central office modem 44 to client modems 52. All the
client modems receive and decode the downstream signals
transmitted over medium 46, as described above.

Bins 6-29 are used for upstream communications from
client modems 52 to central oflice modem 44. Access to the
upstream channel 1s time-division multiplexed among all the
client modems. Bins 30 and 31 are reserved for control
communications between modems 52 over medium 46 using
time-domain multiplexing (ITDM). As 1n the preceding
embodiment, the choice of bins 30 and 31 for communica-
tion between client modems 32 1s arbitrary. In the present
example, bin 30 1s used by all participating modems for
information and status messages, while bin 31 1s used to
request access to the upstream channel. Each participating
modem 52 1s assigned its own time slot. When the modem
1s powered up and begins operation, 1t determines how many
other modems are already active, and which one 1s the
master, by listening to status messages on bin 30. The
modem “claims” the next available time slot, and uses this
time slot to inform the other customer premises modems that
it has data to transmit. Fach modem has a unique identifi-
cation and uses its own, assigned time slot. In this way, it 1s
possible for an arbitrary number of modems to share bins 30
and 31, (or some other chosen bin) to communicate among
themselves.

FIGS. 5A and 3B are timing diagrams that schematically
illustrate signals transmitted by modems 52 (modems A, B
and C), operating on the basis of spectrum 38, 1n accordance
with a preferred embodiment of the present invention. Like
FIG. 3, this figure shows the nature of the signals transmaitted
in upstream bins 6—29 and control bins 30 and 31, as these
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signals change over time 1n response to different communi-
cation events. Here, too, the contents of voice bins 0—5 and
downstream bins 32-255 are not shown.

It 1s assumed 1n this example, as 1n the preceding embodi-
ment, that the first modem turned on 1s modem A. This
modem uses bins 629 to carry out its training procedure
with central oflice modem 44. Following retraining, modem
A uses bin 30 to transmit messages, indicating that 1t 1s
currently the master of the upstream bins, only during time
slots that are assigned to 1t. All signals sent by modems 52
on bins 30 and 31 must be aligned with the proper slots, and
should also have a modem identification. (For example,
instead of the simple ACK message used for the acknowl-
edgment messages 1n FIG. 3, the acknowledgment here has
the form ACKB.)

The second modem to start up (assumed to be modem B)
identifies the next available time slot. Modem B then uses 1ts
time slot in bin 31 to request retraining. After retraining,
modem B 1s able to send and receive information and status
messages 1n the proper slots on bin 30 and to request time
for data transmission using 1ts slots on bin 31. Modem C
tollows a similar procedure when 1t starts up. Preferably, up
to 16 modems may be accommodated 1n this way, each with
its own time slots on bins 30 and 31, although for the sake
of simplicity, FIGS. 5A and 5B show only four such slots.
In other respects, operation of this embodiment 1s similar to
that described above.

Sharing of Upstream Transmission Band by Relay
of Upstream Data Between Clients

Reference 1s now made to FIGS. 6 and 7, which illustrate
another scheme for sharing upstream channels between
client modems 32, in accordance with a preferred embodi-
ment of the present invention. FIG. 6 1s a spectral diagram
that schematically illustrates a spectrum 60 of frequency
bins used 1n this approach, while FIG. 7 shows the data paths
used between central oflice modem 44 and client modems
52. Bins 32-255 are used for downstream transmission to
both modem A and modem B, while bins 30 and 31 are used
for communication between modem A and modem B, as
described above. In the upstream direction, however, a
different multiplexing scheme 1s used. Modem B uses bins
21-29 to transmit upstream data to modem A. Modem A
relays these data, along with data from 1ts own client 50,
over medium 46 to modem 44 using bins 6—20. This scheme
1s advantageous in terms of 1ts ease of implementation and
reliability, although it typically makes less eflicient use of
available upstream bandwidth than do the schemes
described earlier. As i the preceding embodiments, the
choice of bins 30 and 31 for communication between client
modems 52 1s arbitrary. Similarly, the division between bins
6—20 and bins 21-29 1s arbitrary, as well, and other spectral
partitions may be used instead.

The first client modem that begins to operate assumes the
role of modem A. Until the next modem 1s turned on, modem
A 1s preferably free to use all of bins 6—29 for its upstream
trafiic. When the next modem 1s turned on, assuming the role
of modem B, it sends a request to modem A using bin 31,
asking modem A to initiate a retraining procedure. During
this procedure, modem A uses the retraining procedure to
change the upstream bin allocation expected by central
oflice modem 44, so that henceforth, the central office
modem will expect upstream data only on bins 620, and not
on bins 21-31. For example, as suggested above, during the
retraining procedure modem A may send no training signals
at all to modem 44 on bins 21-31, or 1t may send noise on
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these bins. Alternatively, modem A may send special retrain-
ing symbols on bins 21-31, which are intelligible only to

suitably modified central oflice modems. As a result of this
retraining behavior, 1n accordance with standard ADSL
operating procedure, modem 44 will ignore any signals on
bins 21-31. Bins 21-29 can thereafter be used to carry
upstream data from modem B to modem A.

Alternatively, 1n place of this dynamic allocation of the
upstream bins, modem A may simply be statically config-
ured to use only bins 620 for its upstream trathic, regardless
of whether or not modem B 1s transmitting upstream data.
The methods described 1n this section may also be modified
to accommodate more than two modems, by dividing the
spectrum of upstream bins into smaller allocations and by
adding further control bins.

Frequency Division of Upstream Transmission
Band Among Multiple Clients

FIG. 8 1s a spectral diagram that schematically illustrates
a spectrum 70 of frequency bins for use in system 40, 1n
accordance with another preferred embodiment of the
present mvention. In the preceding embodiments, all client
modems cooperated to determine how upstream bins 6—31
should be shared, without involvement of central oflice
modem 44 (which thus could be a legacy device). In the
present embodiment, on the other hand, one of customer
premises modems 52, say modem B, cooperates with the
central ofice modem to determine and, optionally, to vary
the allocation of the upstream bins. The other customer
premises modem, 1n this case modem A, need not be aware
of the bin sharing and could be a standard legacy modem.

As 1n the preceding embodiments, bins 0—5 are allotted to
voice communications, and bins 32255 are used for down-
stream communications to both modem A and modem B.
Both modems receive and decode all downstream traflic, and
rely on their respective clients 30 to discard packets that are
not of iterest (typically based on the destination address of
the packets). Bin 50, however, 1s set aside for control
signaling sent from central oflice modem 44 to modem B, as
described below. During the standard training procedure, the
central oflice modem causes modem A to ignore bin 50,
typically by refraining from transmitting training signals on
this bin, or by transmitting noise or special training symbols
on the bin, as described above. The choice of bin 50 1s
arbitrary, and substantially any bin or group of bins in the
downstream range could be used for this purpose.

For upstream data transmission, bins 6—18 are used by
modem A, while bins 19-30 are used by modem B. Bin 31
1s reserved for control signaling ifrom modem B to the
central office modem. This spectral partition of the upstream
band and the choice of bin 31 for signaling 1s likewise
arbitrary. The central office modem forces modem A to
accept this upstream bin allocation during the standard
training procedure, using the training techniques described
above. The division of the upstream range shown 1n FIG. 8
may be either fixed or dynamic. In the latter case, during
periods 1n which only one of modems A and B 1s active, 1t
may take over the entire range from bin 6 to bin 30. When
modem B begins activity, it uses bin 31 to signal central
oflice modem 44 to reallocate the upstream bins and retrain.
When modem A beings activity, it 1ssues a standard hand-
shake signal on bins 9, 17 and 25, as provided by the
above-mentioned I'TU Recommendation. In response to the
handshake signal, the central oflice modem similarly allo-
cates the upstream bins and retrains.
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Although for the sake of simplicity, the frequency division
scheme shown in FIG. 8 refers to only two customer
premises modems 52, the scheme may be extended 1n a
straightforward manner to accommodate additional cus-
tomer premises modems. Any additional modems are pret-
crably of the novel type, like modem B, that supports the
frequency-division multiplexing protocol described here. To
accommodate these additional modems, the upstream range
of bins 6—30 may be further subdivided, so that each modem
1s given its own sub-range. Alternatively, the additional
modems may use time-division multiplexing to share the
upper sub-range that 1s allocated to modem B.

FIG. 9 1s a iming diagram that schematically illustrates
signals transmitted by modems 52 (modem A and modem B)
and by central oflice modem 44, operating on the basis of
spectrum 70, 1n accordance with a preferred embodiment of
the present invention. Voice transmission and downstream
transmission from the central oilice modem to modems A
and B are omitted from the figure, except for bin 50, which
1s used by the central oflice modem to signal modem B.

In the scenario shown in FIG. 9, 1t 1s assumed that modem
A starts up first, with a standard training session. As modem
B 1s quet, the central oflice modem allows modem A to use
all of bins 6-30. The central office modem signals to modem
B on bin 350 that another client premises modem (1n this case
modem A) 1s the master of the entire upstream range. (As
noted above, modem 44 prevents the use of bin 50 for
downstream data.) After completing the training procedure,
modem A transmits upstream data over its entire bin allo-
cation.

When modem B starts up, it signals the central office
modem on bin 31 to request retraining. The central oflice
modem signals an acknowledgment on bin 50, and then
initiates a retramning session with modem A. During this
session, the central oflice modem causes modem A to restrict
its upstream data transmission spectrum to bins 6—18, using
standard ADSL retraining procedures, as describe above.
Optionally, the central oflice modem may also convey
training information to modem B on bin 50, using a propri-
ctary signaling format. The central oflice modem then trans-
mits an 1dle signal on bin 50 to indicate that modem A no
longer controls bins 19-30. Modem B signals on bin 31 that
it (modem B) 1s now the master of bins 19-30. When the
retraining procedure 1s finished, modem A resumes upstream
transmission on bins 6—18, while modem B begins upstream
transmission on bins 19-30.

Optionally, when modem B finishes 1ts upstream trans-
mission, 1t may release bins 19-30 for another use. This
release may be mvoked autonomously by modem B, or 1t
may alternatively be mvoked when another customer pre-
mises modem 52 (such as modem C in FIG. 1) asks to
transmit over these bins. Modem B terminates its transmis-
sion by signaling the central oflice modem on bin 31 to
request retraining. Modem B then goes idle or becomes
quiet, and signals 1ts 1dle status on bin 31. After the retrain-
ing, if modem A takes over the entire range of bins 630, the
central oflice modem transmits a “master” signal on bin 50,
indicating that modem A 1s the master of bins 19-30.
Alternatively, 11 another modem, which supports the fre-
quency sharing protocol, takes over bins 19-30, the central
oflice modem signals “i1dle” on bin 50.

FIG. 10 1s a ttiming diagram that schematically illustrates
signals transmitted by modems 52 (modem A and modem B)
and by central oflice modem 44, operating on the basis of
spectrum 70, 1n accordance with a further preferred embodi-
ment of the present invention. This scenario 1s similar to that
of FIG. 9, except that it assumes that modem B starts
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operating first, before modem A. In addition to the bins
shown 1n FIG. 9, the use of handshake bins 9, 17 and 25 1s
also 1llustrated here. The use of these bins for handshaking
1s described 1n the above-mentioned ADSL standard. Alter-
natively, other handshaking bins and handshaking modes
may be used.

When modem B operates while modem A 1s turned off,
central oflice modem 44 may allow modem B to use the
entire range ol bins 6—30 for upstream transmission, with the
exception of the handshake bins. When modem A starts up,
it transmits a handshake signal to the central oflice modem
on the handshake bins. The handshake signal causes the
central oflice modem to determine a new allocation of the
upstream bins and to mtiate a retraining procedure to
implement the allocation. Following the retraiming, modem
A transmits upstream data on bins 6—18, while modem B
continues transmitting on bins 19-30. Optionally, modem 44
may use bin 50 to pass training information to modem B, in
addition to the information that modem B receives from the
standard training sequence.

Network Access Sharing Implemented at the
Central Office

FIG. 11 1s a block diagram that schematically illustrates a
communication system 80 providing voice and data service
to multiple customer premises 48, 1 accordance with
another preferred embodiment of the present invention.
Each customer premises typically has 1ts own client com-
puter 50 with broadband modem 52, along with a telephone
82 for voice service. Each premises also has its own tele-
phone line connecting 1t to central oflice 42, unlike the
preceding embodiments 1n which multiple modems shared a
single line.

e

Central oflice 42 comprises voice cards 84, which are
connected to a public switched telephone network (PSTN),
and a Digital Subscriber Line access multiplexer (DSLAM),
which connects the subscribers to a high-speed data net-
work. This embodiment (like the preceding ones) thus
assumes that modems 52 are DSL modems. The DSLAM
has multiple user ports, each comprising a head-end modem
(not shown explicitly 1in this figure). A splitter 88 conveys
voice-band frequencies (ADSL bins 0-3) between voice
cards 84 and media 46, while conveying the high-frequency
data signals to and from DSLAM 86.

As can be seen in the figure, each customer premises 48
has its own voice line to voice cards 84, enabling all the
subscribers to use their telephones 82 freely without inter-
tering with one another. On the other hand, all of modems
52 that are shown 1n the figure share a common user port 88
on DSLAM 86. As 1n the preceding embodiments, DSLAM
86 transmits downstream data to all of modems 52 over all
the respective telephone lines. Each modem 52 or client 50
checks the destination address of each downstream data
packet that 1t receives 1 order to determine whether to
accept or discard the packet.

In the upstream direction, on the other hand, modems 52
share access to the data network by eirther time-domain or
frequency-domain multiplexing (using any of the schemes
described above, for example). The methods of multiplexing
are substantially similar to those described above, except
that all the signaling to and from the modems must pass
through central office 42. In other words, in the present
embodiment, medium 46 i1s physically made up of multiple
different telephone lines, running 1n parallel. Logically,
however, from the point of view of the head-end and client
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modems, the configuration of system 80 1s no different from
that of the preceding embodiments.

Although preferred embodiments are described herein-
above with reference to specific communication media and
standards, the principles of the present invention may simi-
larly be applied to other types of communication networks,
including different broadband communication technologies,
as well as narrowband technologies. More specifically, the
methods described above with reference to ADSL modems
may be implemented, mutatis mutandis, using modems of
other types that have the requisite capabilities of time-
and/or frequency multiplexing. For example, the frequency
sharing and signaling schemes shown in FIGS. 2 through 10
may be adapted for use with Very high-speed DSL (VDSL)
modems. It should also be noted that although the embodi-
ments described herein use separate, non-overlapping
upstream and downstream transmission bands, 1 accor-
dance with ADSL standards, the principles of the present
invention may also be implemented using overlapping
upstream and downstream bands.

It will thus be appreciated that the preferred embodiments
described above are cited by way of example, and that the
present invention 1s not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed 1n the prior art.

The mvention claimed 1s:

1. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands comprising multiple frequency bins, commu-
nication apparatus comprising:

a first customer-premises modem, adapted to be coupled

to the communication medium 1n parallel with at least
a second customer-premises modem, so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmit
the upstream data signals 1n the second frequency band
subject to multiplexing at least a part of the second
frequency band among the first and at least the second
customer-premises modems,

wherein the first customer-premises modem 1s adapted to

receive the downstream data signals 1n the first fre-
quency band substantially simultaneously with at least
the second customer-premises modem.

2. Apparatus according to claim 1, wherein the first
customer-premises modem 1s further adapted to send and
receive control mformation signals over the communication
medium 1n one or more of the frequency bins to and from at
least one other one of the modems so as to control the
multiplexing.

3. Apparatus according to claim 2, wherein the one or
more of the frequency bins comprise at least a first frequency
bin used to send the control information signals from the first
customer-premises modem to the other one of the modems,
and at least one second frequency bin used by the first
customer-premises modem to receive the control informa-
tion signals from the at least one other one of the modems.

4. Apparatus according to claim 2, wherein the first
customer-premises modem 1s adapted to send and receive
the control information signals to and from at least the
second customer-premises modem.
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5. Apparatus according to claim 4, wherein the first and at
least the second customer-premises modems are adapted to
send and receirve at least a portion of the control information
signals over a single one of the frequency bins by time-
domain multiplexing.

6. Apparatus according to claim 2, wherein the {first
customer-premises modem 1s adapted to send and receive
the control information signals to and from the head-end
modem.

7. Apparatus according to claim 1, wheremn the first
customer-premises modem 1s adapted to transmit the
upstream data signals using a first group of the frequency
bins in the second frequency band during a first set of time
intervals, and to suspend transmission of the upstream data
signals using the first group of the frequency bins during a
second set of time 1ntervals, during which at least the second
customer-premises modem may transmit the upstream data
signals using the first group of the frequency bins.

8. Apparatus according to claim 7, wherein the first group
of the frequency bins comprises all the frequency bins 1n the
second frequency band that are available for transmitting the
upstream data signals.

9. Apparatus according to claim 7, wheremn the first
customer-premises modem 1s adapted, while the transmis-
sion of the upstream data signals by the first customer-
premises modem using the first group of the frequency bins
1s suspended, to transmit the upstream data signals using a
second group of the frequency bins 1n the second frequency
band.

10. In a data communication system 1n which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second fre-
quency bands comprising multiple frequency bins, commu-
nication apparatus comprising:

a first customer-premises modem, adapted to be coupled

to the communication medium 1n parallel with at least
a second customer-premises modem so as to recerve the
downstream data signals transmitted by the head-end
modem 1n the first frequency band, and to transmit the
upstream data signals in the second frequency band
subject to multiplexing at least a part of the second
frequency band among the first and at least the second
customer-premises modems,

wherein the downstream and upstream data signals com-

prise discrete multi-tone (DMT) signals, and wherein
the frequency bins correspond to respective tones in the
first and second frequency bands.

11. Apparatus according to claim 10, wherein the com-
munication medium comprises a telephone subscriber line,
and the communication system comprises an Asymmetric
Digital Subscriber Line (ADSL) system.

12. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium 1n a first frequency band and receives
upstream data signals over the communication medium 1n a
second frequency band, each of the first and second {ire-
quency bands comprising multiple frequency bins, commu-
nication apparatus comprising:

a first customer-premises modem, adapted to be coupled

to the communication medium 1n parallel with at least
a second customer-premises modem, so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmut
the upstream data signals in the second frequency band
subject to multiplexing at least a part of the second
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freguency band among the first and at least the second
customer-premises modems,

wherein the first customer-premises modem 1s adapted to
transmit the upstream data signals using a first group of
the frequency bins 1n the second frequency band, while
a second group of the frequency bins 1n the second
frequency band 1s reserved for use by the second
customer-premises modem.

13. Apparatus according to claim 12, wherein the first
customer-premises modem 1s adapted to receive upstream
data sent by the second customer-premises modem to the
first customer-premises modem using the second group of
the frequency bins, and to relay the upstream data to the
head-end modem 1n the upstream data signals that the first
customer-premises modem transmits using the first group of
the frequency bins.

14. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium i1n a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands comprising multiple frequency bins, commu-
nication apparatus comprising:

a first customer-premises modem, adapted to be coupled

to the communication medium 1n parallel with at least
a second customer-premises modem, so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmut
the upstream data signals 1n the second frequency band
subject to multiplexing at least a part of the second
frequency band among the first and at least the second
customer-premises modems,

wherein the first customer-premises modem 1s adapted to
invoke a retramning procedure on the communication
medium upon 1nitiation of operation of at least the
second customer-premises modem.

15. Apparatus according to claim 14, wherein the first
customer-premises modem 1s adapted to convey operational
parameters determined in the retraining procedure to at least
the second customer-premises modem via the communica-
tion medium.

16. Apparatus according to claim 14, wherein the first
customer-premises modem 1s adapted, using the retraining
procedure, to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins 1n the second

frequency band between at least the second customer-pre-
mises modem and the head-end modem.

17. Apparatus according to claim 14, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to determine an optimal rate for the transmission
of the downstream data signals by the head-end modem, and
to instruct the head-end modem to transmit the downstream
data signals at a sub-optimal rate that 1s less than the optimal
rate.

18. Apparatus according to claim 14, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to transmit a sequence of training symbols to the
head-end modem while adding a noise signal to the training
symbols, thereby causing the head-end modem to select a
sub-optimal rate for the transmission of the upstream data
signals by the customer-premises modems.

19. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second fre-
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quency bands comprising multiple frequency bins, commu-
nication apparatus comprising:

a first customer-premises modem, adapted to be coupled
to the communication medium 1n parallel with at least
a second customer-premises modem, so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmut
the upstream data signals using a first group of the
frequency bins 1n the second frequency band during a
first set of time 1ntervals, and to suspend transmission
of the upstream data signals using the first group of the
frequency bins during a second set of time intervals
during which the second customer-premises modem
transmits the upstream data signals using the first group
of the frequency bins.

20. Apparatus according to claim 19, wherein the first
customer-premises modem 1s adapted to suspend the trans-
mission in response to a control signal indicating that the
second customer-premises modem has data to transmit using
the upstream data signals.

21. Apparatus according to claim 20, wherein the down-
stream and upstream data signals comprise discrete multi-
tone (DMT) signals, and wherein the frequency bins corre-
spond to respective tones in the first and second frequency
bands.

22. Apparatus according to claim 21, wherein the com-
munication medium comprises a telephone subscriber line,
and the communication system comprises an Asymmetric
Digital Subscriber Line (ADSL) system.

23. Apparatus according to claim 19, wherein the first
customer-premises modem 1s adapted to receive the down-
stream data signals 1n the first frequency band substantially
simultaneously with the second customer-premises modem.

24. Apparatus according to claim 19, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream data signals.

25. Apparatus according to claim 19, wherein the first
customer-premises modem 1s adapted, while the transmis-
sion of the upstream data signals by the first customer-
premises modem using the first group of the frequency bins
1s suspended, to transmit the upstream data signals using a
second group of the frequency bins 1n the second frequency
band.

26. A data communication system, comprising;

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a
first frequency band and to receive upstream data
signals over the communication medium 1n a second
frequency band, each of the first and second frequency
bands comprising multiple frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled in parallel to the head-end
modem via the communication medium so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmit
the upstream data signals 1n the second frequency band
subject to multiplexing of the second frequency band
between the first and second customer-premises
modems,

wherein the first customer-premises modem 1s adapted to
receive the downstream data signals 1n the first fre-
quency band substantially simultaneously with at least
the second customer-premises modem.

27. A system according to claim 26, wherein at least the

first and second customer-premises modem are adapted to
exchange control information signals with one another over
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the communication medium in one or more of the frequency
bins so as to control the multiplexing.

28. A system according to claim 27, wherein the one or
more of the frequency bins comprise a respective frequency
bin assigned to each of the at least first and second customer-
premises modems for sending the control information sig-
nals.

29. A system according to claim 27, wherein at least the
first and second customer-premises modems are both
adapted to send and receive at least a portion of the control
information signals over a single one of the frequency bins
by time-domain multiplexing.

30. A system according to claim 26, wherein at least the
first customer-premises modem 1s adapted to transmit the
upstream data signals using a first group of the frequency
bins 1n the second frequency band during a first set of time
intervals, and to suspend transmission of the upstream data
signals using the first group of the frequency bins during a
second set of time 1ntervals, during which at least the second
customer-premises modem may transmit the upstream data
signals using the first group of the frequency bins.

31. A system according to claim 30, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream data signals.

32. A system according to claim 30, wherein at least the
first customer-premises modem 1s adapted, while the trans-
mission of the upstream data signals by the first customer-
premises modem using the first group of the frequency bins
1s suspended, to transmit the upstream data signals using a
second group of the frequency bins 1n the second frequency

band.

33. A system according to claim 26, wherein at least the
first customer-premises modem and the head-end modem
are adapted to exchange control information signals with
one another over the communication medium 1n one or more
of the frequency bins so as to control the multiplexing.

34. A system according to claim 33, wherein the one or
more of the frequency bins comprise a first frequency bin
used to send the control information signals from at least the
first customer-premises modem to the head-end modem, and
a second frequency bin used by the head-end modem to send
the control information signals to at least the first customer-
premises modem.

35. A system according to claim 33, wherein the second
customer-premises modem 1s not adapted to send or receive
the control information signals.

36. A data communication system, comprising:

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a
first frequency band and to receive upstream data
signals over the communication medium 1n a second
frequency band, each of the first and second frequency
bands comprising multiple frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled in parallel to the head-end
modem via the communication medium so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmit
the upstream data signals 1n the second frequency band
subject to multiplexing of the second frequency band
between the first and second customer-premises
modems,

wherein the downstream and upstream data signals com-
prise discrete multi-tone (DMT) signals, and wherein
the respective frequency bin assigned to each of the at
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least first and second customer-premises modems cor-
responds to a respective tone 1n the first and second
frequency bands.

37. A system according to claim 36, wherein the commu-
nication medium comprises a telephone subscriber line, and
the communication system comprises an Asymmetric Digi-
tal Subscriber Line (ADSL) system.

38. A data communication system, comprising;

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a
first frequency band and to receirve upstream data
signals over the communication medium 1n a second
frequency band, each of the first and second frequency
bands comprising multiple frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled in parallel to the head-end
modem via the communication medium so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmut
the upstream data signals in the second frequency band
subject to multiplexing of the second frequency band
between the first and second customer-premises
modems,

wherein the first customer-premises modem 1s adapted to
transmuit the upstream data signals using a first group of
the frequency bins 1n the second frequency band, while
a second group of the frequency bins in the second
frequency band 1s reserved for use by at least the
second customer-premises modem.

39. A system according to claim 38, wherein the first
customer-premises modem 1s adapted to receive upstream
data sent by at least the second customer-premises modem
to the first customer-premises modem using the second
group of the frequency bins, and to relay the upstream data
to the head-end modem 1n the upstream data signals that the
first customer-premises modem transmits using the {first
group ol the frequency bins.

40. A data communication system, comprising:

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a
first frequency band and to receive upstream data
signals over the communication medium 1n a second
frequency band, each of the first and second frequency
bands comprising multiple frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled in parallel to the head-end
modem via the communication medium so as to receive
the downstream data signals transmitted by the head-
end modem 1n the first frequency band, and to transmut
the upstream data signals in the second frequency band
subject to multiplexing of the second frequency band
between the first and second customer-premises
modems,

wherein at least the first customer-premises modem 1s
adapted to 1invoke a retraining procedure on the com-
munication medium upon initiation of operation of at
least the second customer-premises modem.

41. A system according to claim 40, wherein the first
customer-premises modem 1s adapted to convey operational
parameters determined 1n the retraiming procedure to the
second customer-premises modem via the communication
medium.

42. A system according to claim 41, wherein the second
customer-premises modem 1s adapted to receive the opera-
tional parameters from the first customer-premises modem
and to use the received parameters 1n communicating with
the head-end modem.
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43. A system according to claim 40, wherein the first
customer-premises modem 1s adapted, using the retraining
procedure, to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins in the second
frequency band between the second customer-premises
modem and the head-end modem.

44. A system according to claim 40, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to determine an optimal rate for the transmission
of the downstream data signals by the head-end modem, and
to instruct the head-end modem to transmit the downstream
data signals at a sub-optimal rate that 1s less than the optimal
rate.

45. A system according to claim 40, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to transmit a sequence of training symbols to the
head-end modem while adding a noise signal to the traiming
symbols, thereby causing the head-end modem to select a
sub-optimal rate for the transmission of the upstream data
signals by the customer-premises modems.

46. A data communication system, comprising:

a head-end modem, which 1s adapted to transmit down-
stream data signals over a communication medium 1n a
first frequency band and recerves upstream data signals
over the communication medium 1n a second frequency
band, each of the first and second frequency bands
comprising multiple frequency bins; and

at least first and second customer-premises modems,
adapted to be coupled 1n parallel to the communication
medium so as to receive the downstream data signals
transmitted by the head-end modem 1n the first fre-
quency band, and to transmit the upstream data signals
in the second frequency band,

such that the first customer-premises modem 1s adapted to
use a first group of the frequency bins in the second
frequency band during a first set of time intervals, and
to suspend transmission of the upstream data signals
using the first group of the frequency bins during a
second set of time intervals during which at least the
second customer-premises modem transmits the
upstream data signals using the first group of the
frequency bins.

47. A system according to claim 46, wherein the first
customer-premises modem 1s adapted to suspend the trans-
mission 1n response to a control signal indicating that the
second customer-premises modem has data to transmit using
the upstream data signals.

48. A system according to claim 46, wherein the down-
stream and upstream data signals comprise discrete multi-
tone (DMT) signals, and wherein the frequency bins corre-

spond to respective tones in the first and second frequency
bands.

49. A system according to claim 48, wherein the commu-
nication medium comprises a telephone subscriber line, and
the communication system comprises an Asymmetric Digi-

tal Subscriber Line (ADSL) system.

50. A system according to claim 46, wherein at least the
first and second customer-premises modem are adapted to
exchange control information signals with one another over
the communication medium in one or more of the frequency
bins so as to control the multiplexing.

51. A system according to claim 350, wherein the one or
more of the frequency bins comprise a respective frequency
bin assigned to each of the at least first and second customer-
premises modems for sending the control information sig-
nals.
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52. A system according to claim 50, wherein the first and
second customer-premises modems are both adapted to send
and receive at least a portion of the control imformation
signals over a single one of the frequency bins by time-
domain multiplexing.

53. A system according to claim 46, wherein the first
customer-premises modem and the head-end modem are
adapted to exchange control mformation signals with one
another over the communication medium in one or more of
the frequency bins so as to control the multiplexing.

54. A system according to claim 53, wherein the one or
more of the frequency bins comprise a first frequency bin
used to send the control information signals from the first
customer-premises modem to the head-end modem, and a
second frequency bin used by the head-end modem to send
the control information signals to the first customer-pre-
mises modem.

55. A system according to claim 53, wherein the second
customer-premises modem 1s not adapted to send or recerve
the control information signals.

56. A system according to claim 46, wherein the first
customer-premises modem 1s adapted to receive the down-
stream data signals 1n the first frequency band substantially
simultaneously with at least the second customer-premises
modem.

57. A system according to claim 46, wherein the first
group ol the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream data signals.

58. A system according to claim 46, wherein the first
customer-premises modem 1s adapted, while the transmis-
sion of the upstream data signals by the first customer-
premises modem using the first group of the frequency bins
1s suspended, to transmit the upstream data signals using a
second group of the frequency bins 1n the second frequency
band.

59. A system according to claim 46, wherein at least the
first customer-premises modem 1s adapted, before suspend-
ing the transmaission of the upstream data signals, to 1nvoke
a retraining procedure on the communication medium.

60. A system according to claim 59, wherein the first
customer-premises modem 1s adapted to convey operational
parameters determined in the retraining procedure to the
second customer-premises modem via the communication
medium.

61. A system according to claim 60, wherein the second
customer-premises modem 1s adapted to receive the opera-
tional parameters from the first customer-premises modem
and to use the received parameters 1n communicating with
the head-end modem.

62. A system according to claim 59, wherein the first
customer-premises modem 1s adapted, using the retraining
procedure, to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins in the second
frequency band between the second customer-premises
modem and the head-end modem.

63. A system according to claim 59, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to determine an optimal rate for the transmission
of the downstream data signals by the head-end modem, and
to instruct the head-end modem to transmit the downstream
data signals at a sub-optimal rate that 1s less than the optimal
rate.

64. A system according to claim 59, wherein the first
customer-premises modem 1s adapted, during the retraining
procedure, to transmit a sequence of training symbols to the
head-end modem while adding a noise signal to the traiming,
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symbols, thereby causing the head-end modem to select a
sub-optimal rate for the transmission of the upstream data
signals by the customer-premises modems.

65. A data communication system, comprising:

an Asymmetric Digital Subscriber Line (ADSL) head-end
modem, which 1s adapted to transmit discrete multi-
tone (DMT) signals downstream over at least one
telephone subscriber line 1n a first frequency band and
to recetve DMT signals upstream over the communi-
cation medium 1n a second frequency band, each of the
first and second frequency bands comprising multiple
frequency bins corresponding to tones of the DMT
signals; and

at least first and second customer-premises ADSL
modems, adapted to be coupled in parallel to the
head-end modem over the at least one telephone sub-
scriber line so as to receive the DMT signals transmit-
ted downstream by the head-end modem 1n the first
frequency band, and to transmit the DMT signals
upstream 1n the second frequency band subject to
multiplexing of the second frequency band between the
first and second customer-premises modems,

wherein the first customer-premises modem 1s adapted to
receive the downstream signals in the first frequency
band substantially simultaneously with at least the
second customer-premises modem.

66. A system according to claim 65, wherein at least the
first and second customer-premises modem are adapted to
exchange control information signals with one another over
the at least one telephone subscriber line 1n one or more of
the frequency bins so as to control the multiplexing.

67. A system according to claim 66, wherein the one or
more of the frequency bins comprise a respective frequency
bin assigned to each of the at least first and second customer-
premises modems for sending the control information sig-
nals.

68. A system according to claim 67, wherein the fre-
quency bin assigned to each of the at least first and second
customer-premises modems for sending the control infor-
mation signals 1s one of ADSL tones 30 and 31.

69. A system according to claim 66, wherein at least the
first and second customer-premises modems are both
adapted to send and receive the control information signals
over a single one of the frequency bins by time-domain
multiplexing.

70. A system according to claim 69, wherein the single
one of the frequency bins 1s one of ADSL tones 30 and 31.

71. A system according to claim 65, wherein the first
customer-premises modem 1s adapted to transmit the
upstream signals using a first group of the frequency bins in
the second frequency band during a first set of time 1ntervals,
and to suspend transmission of the upstream signals using
the first group of the frequency bins during a second set of
time intervals, during which at least the second customer-
premises modem may transmit the upstream signals using
the first group of the frequency bins.

72. A system according to claim 71, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream signals.

73. A system according to claim 71, wherein the first
customer-premises modem 1s adapted, while the transmis-
sion of the upstream signals by the first customer-premises
modem using the first group of the frequency bins 1s
suspended, to transmit the upstream signals using a second
group of the frequency bins in the second frequency band.




Us 7,151,794 B2

25

74. A system according to claim 65, wherein the first
customer-premises modem 1s adapted to transmit the
upstream signals using a {irst group of the frequency bins in
the second frequency band, while a second group of the
frequency bins 1n the second frequency band 1s reserved for
use by at least the second customer-premises modem.

75. A system according to claim 74, wherein the first
customer-premises modem 1s adapted to receive upstream
data sent by at least the second customer-premises modem
to the first customer-premises modem using the second
group ol the frequency bins, and to relay the upstream data
to the head-end modem 1n the upstream signals that the first
customer-premises modem transmits using the first group of
the frequency bins.

76. A system according to claim 63, wherein at least the
first customer-premises modem and the head-end modem
are adapted to exchange control information signals with
one another over the communication medium 1n one or more
of the frequency bins so as to control the multiplexing.

77. A system according to claim 76, wherein the one or
more of the frequency bins comprise a first frequency bin
used to send the control information signals from at least the
first customer-premises modem to the head-end modem, and
a second Irequency bin used by the head-end modem to send
the control information signals to at least the first customer-
premises modem.

78. A system according to claim 635, wherein the at least
one telephone line comprises at least first and second
telephone lines connecting respectively to at least the first
and second customer-premises modems, all of the at least
first and second telephone lines connecting together to the
head-end modem at a central office.

79. A system according to claim 78, and comprising a
splitter, which 1s connected to at least the first and second
telephone lines at the central oflice so as to couple at least
the first and second telephone lines together to the head-end
modem for transmitting and receiving the DMT signals,
while coupling at least the first and second telephone lines
individually to a public switched telephone network (PSTN)
for sending and receiving telephone audio signals over the
PSTN substantially independently of one another.

80. A data communication system, comprising:

an Asymmetric Digital Subscriber Line (ADSL) head-end
modem, which 1s adapted to transmit discrete multi-
tone (DMT) signals downstream over at least one
telephone subscriber line 1n a first frequency band and
to recetve DMT signals upstream over the communi-
cation medium 1n a second frequency band, each of the
first and second frequency bands comprising multiple
frequency bins corresponding to tones of the DMT
signals; and

at least first and second customer-premises ADSL
modems, adapted to be coupled in parallel to the
head-end modem over the at least one telephone sub-
scriber line so as to receive the DMT signals transmit-
ted downstream by the head-end modem in the first
frequency band, and to transmit the DMT signals
upstream 1n the second frequency band,

such that the first customer-premises modem 1s adapted to
use a first group of the frequency bins 1n the second
frequency band during a first set of time 1ntervals, and
to suspend transmission ol the upstream signals using
the first group of the frequency bins during a second set
of time intervals during which at least the second
customer-premises modem transmits the upstream sig-
nals using the first group of the frequency bins.
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81. A system according to claim 80, wherein the first
customer-premises modem 1s adapted to suspend the trans-
mission in response to a control signal indicating that the
second customer-premises modem has data to transmit using
the upstream signals.

82. A system according to claim 80, wherein the first
customer-premises modem 1s adapted to receive the down-
stream signals in the first frequency band substantially
simultaneously with at least the second customer-premises
modem.

83. A system according to claim 80, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream signals.

84. A system according to claim 80, wherein the at least
one telephone line comprises at least first and second
telephone lines connecting respectively to at least the first
and second customer-premises modems, all of the telephone
lines connecting together to the head-end modem at a central
oilice.

85. A system according to claim 84, and comprising a
splitter, which 1s connected to the first and second telephone
lines at the central office so as to couple the first and second
telephone lines together to the head-end modem for trans-
mitting and receiving the DMT signals, while coupling at
least the first and second telephone lines individually to a
public switched telephone network (PSTN) for sending and
receiving telephone audio signals over the PSTN substan-
tially independently of one another.

86. In a data communication system 1n which a head-end
modem transmits downstream data signals over a commu-
nication medium i1n a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands comprising multiple frequency bins, a method
for data communication, comprising:

coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

recerving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the

at least first and second customer-premises modems;
and

transmitting the upstream data signals in the second
frequency band subject to multiplexing of at least a part
of the second frequency band among at least the first
and second customer-premises modems,

wherein receiving the downstream data signals comprises
receiving the downstream data signals at all of the at
least first and second customer-premises modems sub-
stantially simultaneously.

87. A method according to claim 86, wherein transmitting,
the upstream data signals comprises sending and receiving
control 1nformation signals over the communication
medium 1n one or more of the frequency bins between the
first customer-premises modem and at least another one of
the modems so as to control the multiplexing.

88. A method according to claim 87, wherein sending and
receiving the control information signals comprises assign-
Ing a respective frequency bin to each of the at least first and
second customer-premises modems for sending the control
information signals.

89. A method according to claim 87, wherein sending and
receiving the control information signals comprises
exchanging the control information signals between at least
the first customer-premises modem and the second cus-
tomer-premises modem.
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90. A method according to claim 89, wherein exchanging,
the control information signals comprises sending at least a
portion of the control information signals from at least the
first and second customer-premises modems over a single
one of the frequency bins by time-domain multiplexing.
91. A method according to claim 87, wherein sending and
receiving the control information signals comprises
exchanging the control information signals between the first
customer-premises modem and the head-end modem.
92. A method according to claim 91, wherein the second
customer-premises modem 1s not adapted to send or recerve
the control information signals.
93. A method according to claim 86, wherein the down-
stream and upstream data signals comprise discrete multi-
tone (DMT) signals, and wherein each of the frequency bins
corresponds to a respective tone in one of the first and
second frequency bands.
94. A method according to claim 93, wherein the com-
munication medium comprises a telephone subscriber line,
and the communication system comprises an Asymmetric
Digital Subscriber Line (ADSL) system.
95. A method according to claim 86, wherein transmitting,
the upstream data signals comprises transmitting the
upstream data signals from the {first customer-premises
modem using a first group of the frequency bins 1n the
second frequency band during a first set of time intervals,
and suspending transmission of the upstream data signals
from the first customer-premises modem using the first
group ol the frequency bins during a second set of time
intervals, during which at least the second customer-pre-
mises modem may transmit the upstream data signals using
the first group of the frequency bins.
96. A method according to claim 95, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream data signals.
97. A method according to claim 95, wherein transmitting,
the upstream data signals comprises, while the transmission
of the upstream data signals by the first customer-premises
modem using the first group of the frequency bins 1s
suspended, transmitting the upstream data signals from the
first customer-premises modem using a second group of the
frequency bins 1n the second frequency band.
98. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second fre-
quency bands comprising multiple frequency bins, a method
for data communication, comprising:
coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

receiving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the
at least first and second customer-premises modems;
and

transmitting the upstream data signals in the second

frequency band subject to multiplexing of at least a part
of the second frequency band among at least the first
and second customer-premises modems,

wherein transmitting the upstream data signals comprises

transmitting the upstream data signals from the first
customer-premises modem using a first group of the
frequency bins in the second frequency band, while a
second group of the frequency bins 1n the second
frequency band 1s reserved for use by at least the
second customer-premises modem.
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99. A method according to claim 98, wherein transmitting,
the upstream data signals comprises transmitting upstream
data from at least the second customer-premises modem to
the first customer-premises modem using the second group
of the frequency bins, and relaying the upstream data from
the first customer-premises modem to the head-end modem
using the first group of the frequency bins.
100. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands comprising multiple frequency bins, a method
for data communication, comprising:
coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

recerving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the
at least first and second customer-premises modems;
and

transmitting the upstream data signals in the second

frequency band subject to multiplexing of at least a part
of the second frequency band among at least the first
and second customer-premises modems,

wherein transmitting the upstream data signals comprises

invoking a retraining procedure on the communication
medium upon 1nitiation of operation of at least the
second customer-premises modem.

101. A method according to claim 100, and comprising
conveying operational parameters determined 1n the retrain-
ing procedure from the first customer-premises modem to at
least the second customer-premises modem via the commu-
nication medium.

102. A method according to claim 101, wherein transmuit-
ting the upstream data signals from the second customer-
premises modem to the head-end modem comprises receiv-
ing at the second customer-premises modem the operational
parameters conveyed from the first customer-premises
modem, and transmitting the upstream data signals from the
second customer-premises modem to the head-end modem
in accordance with the received parameters.

103. A method according to claim 100, wherein invoking
the retraining procedure comprises using the retraining
procedure to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins 1n the second
frequency band between the second customer-premises
modem and the head-end modem.

104. A method according to claim 100, wherein mnvoking
the retraining procedure comprises determining an optimal
rate for the transmission of the downstream data signals by
the head-end modem, and instructing the head-end modem
to transmit the downstream data signals at a sub-optimal rate
that 1s less than the optimal rate.

105. A method according to claim 100, wherein invoking
the retraining procedure comprises transmitting a sequence
of training symbols to the head-end modem while adding a
noise signal to the training symbols, thereby causing the
head-end modem to select a sub-optimal rate for the trans-
mission of the upstream data signals by the customer-
premises modems.

106. In a data communication system in which a head-end
modem transmits downstream data signals over a commu-
nication medium in a {first frequency band and receives
upstream data signals over the communication medium in a
second frequency band, each of the first and second {fre-
quency bands comprising multiple frequency bins, a method
for data communication, comprising:
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coupling at least first and second customer-premises
modems 1n parallel to the communication medium;

receiving the downstream data signals transmitted by the
head-end modem 1n the first frequency band at all of the
at least first and second customer-premises modems;

transmitting the upstream data signals from the first
customer-premises modem to the head-end modem
using a first group of the frequency bins 1n the second
frequency band during a first set of time intervals; and

suspending transmission of the upstream data signals by
the first customer-premises modem using the first group
of the frequency bins during a second set of time
intervals, while transmitting the upstream data signals
from at least the second customer-premises modem to
the head-end modem using the first group of the
frequency bins.

107. A method according to claim 106, wherein suspend-
ing the transmission comprises receiving a control signal at
the first customer-premises modem indicating that at least
the second customer-premises modem has data to transmit
using the upstream data signals, and suspending the trans-
mission responsive to the control signal.

108. A method according to claim 106, wherein the
downstream and upstream data signals comprise discrete
multi-tone (DMT) signals, and wherein the frequency bins
correspond to respective tones in the first and second fre-
quency bands.

109. A method according to claim 108, wherein the
communication medium comprises a telephone subscriber
line, and the communication system comprises an Asym-
metric Digital Subscriber Line (ADSL) system.

110. A method according to claim 106, wherein receiving
the downstream data signals comprises recerving the down-
stream data signals at all of the at least first and second
customer-premises modems substantially simultaneously.

111. A method according to claim 106, wherein the first
group of the frequency bins comprises all the frequency bins
in the second frequency band that are available for trans-
mitting the upstream data signals.

112. A method according to claim 106, and comprising,
while the transmission of the upstream data signals by the
first customer-premises modem using the first group of the
frequency bins 1s suspended, transmitting the upstream data
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signals from the first customer-premises modem to the
head-end modem using a second group of the frequency bins
in the second frequency band.

113. A method according to claim 106, wherein suspend-
ing the transmission of the upstream data signals comprises
invoking a retraining procedure on the communication
medium upon 1nitiation of operation of at least the second
customer-premises modem.

114. A method according to claim 113, and comprising
conveying operational parameters determined 1n the retrain-
ing procedure from the first customer-premises modem to at
least the second customer-premises modem via the commu-
nication medium.

115. A method according to claim 114, wherein transmit-
ting the upstream data signals from the second customer-
premises modem to the head-end modem comprises receiv-
ing at the second customer-premises modem the operational
parameters conveyed from the first customer-premises
modem, and transmitting the upstream data signals from the
second customer-premises modem to the head-end modem
in accordance with the received parameters.

116. A method according to claim 113, wherein mnvoking
the retraining procedure comprises using the retramning
procedure to prevent the transmission of the upstream data
signals 1n a selected set of the frequency bins in the second
frequency band between the second customer-premises
modem and the head-end modem.

117. A method according to claim 113, wherein invoking
the retraining procedure comprises determining an optimal
rate for the transmission of the downstream data signals by
the head-end modem, and instructing the head-end modem
to transmit the downstream data signals at a sub-optimal rate
that 1s less than the optimal rate.

118. A method according to claim 113, wherein mnvoking
the retraining procedure comprises transmitting a sequence
of training symbols to the head-end modem while adding a
noise signal to the tramning symbols, thereby causing the
head-end modem to select a sub-optimal rate for the trans-
mission ol the upstream data signals by the customer-
premises modems.
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